Department of
Epidemiology and Public
Health, Imperial College
School of Medicine at St
Mary’s, London W2 1PG
Paul Elliott, professor

Rob Nichols, research fellow

Department of Preventive
Medicine, Northwestern
University Medical
School, Chicago,

IL 60611-4402, USA
Jeremiah Stamler, professor
emeritus

Alan R Dyer, professor

Rose Stamler, professor
emeritus

Department of
Epidemiology, St Raphael
University Hospital,
Leuven, Belgium

Hugo Kesteloot, professor

Department of
Epidemiology and Public
Health, University College
London Medical School,
London WC1E 6BT
Michael Marmot, professor

Correspondence to:
Professor Elliott.
p.ellion@ic.ac.uk

BMY¥ 1996;312:1249-53

BMJ voLuME 312

PAPERS

Intersalt revisited: further analyses of 24 hour sodium excretion
and blood pressure within and across populations

Paul Elliott, Jeremiah Stamler, Rob Nichols, Alan R Dyer, Rose Stamler, Hugo Kesteloot,
Michael Marmot for the Intersalt Cooperative Research Group

Abstract

Objectives—To assess further the relation in
Intersalt of 24 hour urinary sodium to blood pres-
sure of individuals and populations, and the
difference in blood pressure from young adult-
hood into middle age.

Design—Standardised cross sectional study
within and across populations.

Setting—52 population samples in 32 countries.

Subjects—10 074 men and women aged 20-59.

Main outcome measures—Association of
sodium and blood pressure from within popula-
tion and cross population multiple linear regres-
sion analyses with multivariate correction for
regression dilution bias. Relation of sample
median daily urinary sodium excretion to differ-
ence in blood pressure with age.

Results—In within population analyses
(n=10 074), individual 24 hour urinary sodium
excretion higher by 100 mmol (for example, 170 v
70 mmol) was associated with systolic/diastolic
blood pressure higher on average by 3/0 to 6/3 mm
Hg (with and without body mass in analyses). As-
sociations were larger at ages 40-59. In cross
population analyses (n=52), sample median 24
hour sodium excretion higher by 100 mmol was
associated with median systolic/diastolic pressure
higher on average by 5-7/2-4 mm Hg, and
estimated mean difference in systolic/diastolic
pressure at age 55 compared with age 25 greater
by 10-11/6 mm Hg.

Conclusions—The strong, positive association of
urinary sodium with systolic pressure of individuals
concurs with Intersalt cross population findings and
results of other studies. Higher urinary sodium is
also associated with substantially greater differences
in blood pressure in middle age compared with
young adulthood. These results support recommen-
dations for reduction of high salt intake in
populations for prevention and control of adverse
blood pressure levels.

Introduction

In 1988, the Intersalt study published results showing a
highly significant positive relation between 24 hour uri-
nary sodium excretion and systolic blood pressure. This
was found in regression analyses testing two sets of
hypotheses: firstly, in cross population (ecological)
analyses for the 52 population samples and, secondly, at
the individual level for the 10 079 men and women aged
20-59 years (median age 40) who participated in this
worldwide investigation.' In one of the cross population
analyses, the study found a highly significant positive
association between average sodium excretions of the
52 population samples and their slopes of systolic and
diastolic blood pressure with age, as estimated from
simple linear regression of blood pressure on age within
each sample.’
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Subsequent reviews of ecological studies,’ clinical
trials of sodium reduction and blood pressure (both
randomised® ¢ and non-randomised*), and within popu-
lation observational studies® ¢ all confirmed this positive
association of sodium and blood pressure, although the
size of estimates differed. In particular, Law et al, in
deriving quantitative estimates of association, found
consistent results from ecological, within population,
and trial data, with estimates somewhat larger than
those published by Intersalt, especially for analyses at
the individual level.? * ¢

The Intersalt investigators had set down several
reasons why estimates of association for individuals in
Intersalt were likely to be too low.” ® One problem was
incomplete correction for regression dilution bias.’
Larger estimates of association of urinary sodium with
blood pressure in Intersalt have recently been
published, based on multivariate correction for
regression dilution.'”! Estimates of the sodium-blood
pressure relation were larger still when body mass index
was removed from the multiple regression analyses.'
This reflects the fact that sodium and body mass index
are positively correlated, but whereas body mass index
is measured almost without error, sodium intake is esti-
mated imprecisely for individuals.'® 12

“This paper has two objectives. The first objective is to
update the main 1988 Intersalt findings in the light of
these new analyses, particularly in regard to compara-
bility of quantitative estimates of the sodium-blood
pressure relations from ecological and individual analy-
ses; the second is to report further cross population data
on the relation of 24 hour urinary sodium to difference
in blood pressure with age. This second objective relates
to representations made by the Salt Institute, the trade
organisation of salt producers, to the Intersalt study
leadership in the United States, objecting to the linear
regression methodology used to obtain slope of blood
pressure with age and requesting the raw Intersalt data
so that it could do its own analyses. While rejecting the
proposal to turn over the raw Intersalt data because of
the need to preserve the independence of scientific
investigation, the integrity of the data, and the
confidentiality of information on individuals, the Inter-
salt steering and editorial committee offered to carry
out further analyses of this question, and they supplied
results for several additional analyses requested by the
Salt Institute. Data presented here are from analyses
encompassing and going beyond those requested by the
Salt Institute on the shape of the age-blood pressure
curve and the relation of 24 hour urinary sodium excre-
tion to the curve.

Methods

Intersalt followed a standardised protocol with com-
mon field methods in all 52 centres and centralised
training and certification of researchers. Blood pressure
in the sitting position was measured twice with a Hawk-
sley random zero sphygmomanometer after the partici-
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pant had emptied his or her bladder and sat quietly for
five minutes. A single timed 24 hour urine collection
was obtained for estimation of electrolyte excretion. A
random 8% of participants also made a second
collection about three weeks later for assessment of the
regression dilution problem.' 1 ' ?

In the original statistical analyses, multiple linear
regression was used to test the cross population and
within population hypotheses. In the cross population
analyses (n=52), regression of each of five blood
pressure variables—population sample median systolic
blood pressure, median diastolic blood pressure, linear
slope of systolic pressure with age, linear slope of
diastolic pressure with age, and prevalence of high
blood pressure—was done on population sample
median 24 hour sodium excretion. In the within popu-
lation analyses (n=10 079), regression of systolic and of
diastolic pressure of individuals on their 24 hour
sodium excretion was first done separately for the
people in each of the 52 samples; results were then
pooled (with weighting of each coefficient by inverse of
its variance) to obtain a coefficient for all 10 079
participants.

STATISTICAL ANALYSES

Sodium-blood pressure relation—We compared multiple
linear regression coefficients for sodium-blood pressure
relations from Intersalt’s within population and cross
population analyses, focusing on within population data
for regression of systolic and diastolic blood pressure of
individuals on their 24 hour sodium excretion and on
cross population data for regression of population
sample median systolic and diastolic pressure on sample
median 24 hour urinary sodium excretion, according to
prior hypotheses (52 samples). For the within
population data, the findings are from recent updated
analyses of 10 074 people, with multivariate correction
for regression dilution bias,' * with and without body
mass index included in the multiple linear regression
analyses."' '? Quantitative estimates are given for systolic
and diastolic pressure with 24 hour sodium greater by
100 mmol (for example, 170 v 70 mmol). These two
sets of data—within population and cross population—
are directly comparable, since both relate to men and
women of average age 40 years. Additionally, data are
shown at younger (20-39 years) and older ages (40-59),
for the first time with multivariate correction for regres-
sion dilution.

Table 1—Within population regression coefficients (SE) for estimates of difference in
systolic and diastolic blood pressure for 100 mmol higher 24 hour urinary sodium, with-
out and with correction for regression dilution bias

Estimated difference in systolic Estimated difference in diastolic
pressure (mm Hg) pressure (mm Hg)
Muitiple adjustment* Muitiple adjustment*
Age-sex Without Age-sex Without
adjusted  With BMI BMI adjusted  With BMI BMI
Men and women, all ages (n=10 0741) .
Not corrected 1.6 (0.2) 1.0 (0.3) 2.1 (0.3) 0.7 (0.2) 0.04 (0.19) 0.9 (0.2)
Correctedt 4.3(0.8) 3.1 (0.9) 6.0 (1.1) 1.8 (0.5) 0.1 (0.6) 2.5(0.7)
Men and women 20-39 (n=5044)
Not corrected 1.5(0.3) 0.6 (0.3) 1.5 (0.3) 04(0.2) -03 (0.3 0.4 (0.3)
Correctedt 4.0 (0.8) 1.8 (0.9) 4.3(1.0) 1.0(06) -0.9 (0.8) 1.2(0.8)
Men and women 40-59 (n=5030)
Not corrected 1.8 (0.4) 1.4 (0.4) 2.6 (0.4) 0902 03 (03) 1.2(0.3)
Correctedt 47(12) 46(1.7) 7.8(1.7) 240.7) 10 (1.0) 3.6(1.0)

BMI=body mass index.

*Adjusted for age, sex, 24 hour urinary potassium, and alcohol intake.

1Of the 10 079 Intersalt participants, five alcohol consumers were unable to quantify their intake during the
preceding seven days and were therefore excluded from these analyses.

1Standard error estimated approximately by bootstrap sampling.
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Sodium and age-blood pressure relation—In a further
assessment of the relation of population sample average
sodium excretion to difference in blood pressure with
age, Intersalt used four methods to estimate relation of
age to blood pressure for each of the 52 samples. The
first two assumed a linear relation between blood pres-
sure and age. In addition a simple difference method
and also a complex curve fitting (“best fit”) method
were used, in response to requests from the Salt
Institute.

In linear method A, slopes of systolic and diastolic
blood pressure with age were obtained from univariate
linear regressions, for men and women combined, as
previously.' In linear method B, linear regression analy-
ses of systolic and diastolic blood pressure on age were
again carried out for each sample, with adjustment for
potential confounders: sex (a 0-1 variable), 24 hour uri-
nary potassium excretion, body mass index and alcohol
intake entered as two (0-1) variables: 1-299 ml/week
and =300 ml/week.

In the simple difference method, the difference in
population sample median systolic (and diastolic) blood
pressure at ages 50-59 and 20-29 was computed
separately for men and for women, and then the average
of these two values was obtained. In the complex curve
fitting (“best fit”) method, polynomial curve fitting was
done, up to the fifth order term. The root mean square
error (the estimated residual standard deviation of
blood pressure, unexplained by the model'® '°) was used
to determine whether inclusion of higher order terms of
age improved the “fit” of regressions of systolic and
diastolic blood pressure on age. It was recognised at the
outset that the scientific rationale and value of such an
approach was limited, not least because one or two
points might become unduly influential with only 200
or fewer persons per sample.

For the linear and curve fitting methods, estimated
blood pressure at age 25 and at age 55 was computed for
each sample and the difference in blood pressure (age 55
minus age 25) was obtained. Each blood pressure
difference, obtained with the four methods, was then
entered as the dependent variable in an ecological regres-
sion against median or mean 24 hour sodium excretion,
adjusted across the population samples for body mass
index and alcohol intake. The resultant regression
coefficient was then used to estimate the greater difference
in blood pressure over a 30 year period (age 25 to age 55)
attributable to an average sodium excretion higher by 100
mmol/day. As use of either median or mean sodium excre-
tion gave similar results, findings for only one (median) are
given here.

Results

UPDATE AND COMPARISON OF INTERSALT WITHIN AND
CROSS POPULATION ANALYSES

Results for individuals

Estimates of the sodium-blood pressure relation for
individuals are given in table 1 uncorrected and with
multivariate correction for regression dilution bias,' "
with and without body mass index in the multiple
adjustment.'”” For men and women at all ages (20-59
years), with correction for regression dilution, estimates
for systolic pressure ranged from 3.1 mm Hg to 6.0 mm
Hg higher per 100 mmol/day greater sodium excretion
(multiple adjustment with and without inclusion of
body mass index), and estimates for diastolic pressure
ranged from 0.1 to 2.5 mm Hg higher. Estimates of
association were larger for older people (40-59 years)
than for younger people (20-39 years). For example, on
multiple adjustment without body mass index in the
model, estimates were systolic/diastolic blood pressure
higher by 7.8/3.6 mm Hg per 100 mmol/day greater
sodium excretion at older ages and 4.3/1.2 mm Hg at
younger ages.
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Table 2—Across population regression coefficients (SE) for estimates of difference in
median systolic and diastolic blood pressure for 100 mmol higher 24 hour urinary
sodium excretion for 52 population samples

Estimated difference in median
systolic pressure (mm Hg)

Estimated difference in median
diastolic pressure (mm Hg)

Age-sex Muitiple Age-sex Multiple

standardised adjustment* standardised adjustment*
All ages 7.1(1.9) 4.5 (1.5) 3.8(1.4) 2.3(1.3)
20-39 3.9(1.5) 1.9(1.3) 1.1 (1.3) 0.4(1.4)
40-59 10.4 (2.4) 7.0 (2.0) 6.4 (1.5) 4.0(1.3)

*Standardised for age and sex and adjusted for median body mass index, prevalence of alcohol drinking, and
median alcohol intake among drinkers
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Results for population samples

Table 2 shows results of ecological analyses according
to prior hypotheses across 52 samples, with standardisa-
tion for age and sex and with multiple adjustment.
Median systolic pressure was estimated to be higher by
4.5 mm Hg and median diastolic pressure by 2.3 mm
Hg for median 24 hour urinary sodium greater by 100
mmol, values within the ranges of the estimates above
for individuals. Again, estimated values were higher at
older than at younger ages. For example, on multiple
adjustment these estimates were systolic/diastolic
pressure higher by 7.0/4.0 mm Hg per 100 mmol/day
greater sodium excretion at older ages compared with
1.9/0.4 mm Hg at younger ages.

In the 1988 Intersalt report,' post hoc analyses were
also reported for 48 population samples (excluding four
samples from remote populations with urinary sodium
excretion <50 mmol/day). These truncated analyses
of 48 samples were lower in statistical power than those
of 52 samples, both because of the smaller number of
populations and because much of the variation in
sodium excretion (designed at outset to be as wide as
possible’®) was removed. In addition, these analyses
were highly confounded by median body mass index."’
With multiple adjustment, including body mass index,

the estimate of association of median systolic pressure -

to median urinary sodium excretion in the 48 sample
analysis was 2.5 (SE 2.6) mm Hg per 100 mmol/day
sodium excretion.'

ANALYSES OF SODIUM AND DIFFERENCE IN BLOOD
PRESSURE WITH AGE

Table 3 gives data on the second objective of this
report. As described above, four procedures were used
to estimate, for each of the 52 population samples, dif-
ferences in average systolic and diastolic blood pressure
30 years apart (at age 25 and at age 55). Regression of
the 52 blood pressure differences (estimated systolic or
diastolic pressure value at age 55 minus estimated value

Table 3—Estimated greater average difference in systolic
and diastolic blood pressure (in mm Hg) over 30 years
(age 55 minus age 25) for daily median urinary sodium
excretion higher by 100 mmol

Systolic blood Diastolic blood
pressuret pressuret
Difference t Difference t
Modelt greater by: Value greater by: Value
Linear 10.2 5.7*** 6.3 6.6***
Linear adjusted 10.1 5.5 6.2 6.3""*
Difference 10.7 5.1%** 5.7 5.0"**
“Best fit” 1.3 6.1*** 6.4 6.7***
***P<0.001.

tAge and sex standardised and adjusted across 52 samples for
median body mass index, median alcohol intake in drinkers, and
prevalence of alcohol drinking.
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at age 25) was then carried out on the 52 median values
for 24 hour sodium excretion. The resultant co-
efficients—four for systolic pressure (that is, with the
four methods) and four for diastolic pressure—yielded
estimates of greater differences in population sample
systolic and diastolic pressure over 30 years attributable
to 24 hour urinary sodium excretion higher by 100
mmol. As shown in table 3, each of the four methods
gave similar highly significant estimates (P<0.001).
These were in the order of a 10-11 mm Hg greater dif-
ference in systolic pressure over 30 years, from young
adulthood into middle age, with sodium excreticn
higher by 100 mmol/day, and of a 6 mm Hg higher dif-
ference for diastolic pressure. These ecological results
were found with cross centre adjustment for body mass
index and alcohol use; similar results were obtained
with adjustment also for systolic or diastolic blood pres-
sure at age 20-29: greater difference in systolic blood
pressure after 30 years of 10-12 mm Hg and in diastolic
pressure of 6-7 mm Hg.

Analyses for 48 population samples (excluding the
four low sodium samples') also gave significant results,
with estimates of blood pressure difference after 30
years greater by 9-12 mm Hg systolic and 4-5 mm Hg
diastolic for sodium excretion higher by 100 mmol/day.
With adjustment also for blood pressure at age 20-29,
systolic blood pressure difference was estimated to be
greater by 9-11 mm Hg and diastolic by 3-4 mm Hg.

Discussion
MAIN INFERENCES

Three main inferences emerge from this revisit and
update of the Intersalt data. Firstly, the estimated asso-
ciation of higher dietary sodium with higher systolic and
diastolic pressure of individuals is strong and larger than
originally reported in 1988.' Secondly, updated values
for this effect in the 10 074 individual participants are
quantitatively concordant with those from the ecologi-
cal analyses on the 52 population samples. Thirdly,_
higher dietary sodium intake is positively associated
with substantially greater differences in systolic and
diastolic pressure in middle age than in young
adulthood, with every method used to estimate
differences in blood pressure with age. The estimate of
this ecological relation in the original Intersalt report is
robust both qualitatively and quantitatively.

STRENGTH AND CONSISTENCY
The first two conclusions relate to the first objective
of this report—namely, in the light of recent Intersalt
findings'*'? and results of other studies, to evaluate fur-
ther the comparative quantitative estimates of the
relation of sodium to blood pressure as assessed in
within population and cross population analyses. For
systolic pressure, these Intersalt estimates are (within
population) 3-6 mm Hg and (cross population) 5-7 mm
Hg higher on average when daily urinary sodium excre-
tion is greater by 100 mmol; for diastolic pressure they
are 0-3 mm Hg and 2-4 mm Hg higher. These
estimates—for individuals from within population
analyses and for whole population samples from cross
population (ecological) analyses—agree with published
estimates of the sodium-blood pressure relation based
on review of other epidemiological studies.? * ¢
Estimates of association of urinary sodium excretion
with blood pressure from individual analyses tend to be
low for reasons set out elsewhere.”® An important
reason is regression dilution, which, if uncorrected,
results in estimates biased towards the “no effect” value
(that is, regression slope of zero). This is especially so
for urinary sodium excretion, for which day to day vari-
ance within individuals can be as much as three times
larger than variance between individuals.® *° In simple
regression, correction for, regression dilution depends
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directly on the proportion of total variance—for
example, in sodium excretion—occurring between indi-
viduals. In multiple regression, matters are complicated
by the inclusion of correlated variables measured with
or without error; in this case, correlated (measurement)
errors between variables need to be accounted for. The
revised estimates of association given here are therefore
based on multivariate procedures to correct for this
regression dilution problem.

The different measurement errors of correlated vari-
ables cause difficulty. Body mass index is measured
almost without error, whereas 24 hour urinary sodium
excretion is imprecisely estimated for individuals. In
multiple regression analyses against a dependent
variable (blood pressure) the well measured variable
(body mass index) may dominate over the poorly
estimated variable (24 hour sodium excretion). Thus a
portion of the observed association between body mass
index and blood pressure'’ could be due to the associa-
tion of sodium and blood pressure as individuals with
higher body mass index will on average have higher uri-
nary sodium excretion. Adjusting the association of 24
hour urinary sodium excretion with blood pressure for
body mass index may therefore result in overadjust-
ment. For this reason, we have reported analyses with
and without inclusion of body mass index in the
multiple regression, to give a range of estimates for the
independent effect of sodium on blood pressure.

SODIUM EXCRETION AND DIFFERENCE IN BLOOD PRESSURE
WITH AGE

The conclusions about the consistency and strength
of the relation of sodium and blood pressure are
reinforced by data reported here from Intersalt analyses
on the relation of 24 hour urinary sodium excretion to
difference in blood pressure with age, estimated by four
different methods. Although the Intersalt data are cross
sectional, data from several longitudinal studies over the
past 40 years show that in all but the most remote
populations around the world, blood pressure in
individuals rises from young adulthood into middle and
older ages.”*? Results from every analysis reported here
were consistent in showing a significant relation of
sodium to difference in blood pressure with age. In
population samples with median 24 hour urinary
sodium higher by 100 mmol, difference in blood
pressure at age 55 compared with age 25 was greater by
10-11 mm Hg systolic and 6 mm Hg diastolic. The
adequacy and robustness of the original linear model
and the results reported based on it are unequivocally
established by these results, which include those
obtained with the simple difference and “best fit” meth-
ods proposed by the Salt Institute. Thus the Salt Insti-
tute’s challenge of the Intersalt results on the relation of
sodium intake to slope of blood pressure with age is
groundless. It is reasonable to infer that habitual high
intake of salt may be responsible for a sizeable proportion
of the rise in systolic and diastolic blood pressure with age
observed in most populations worldwide.

A further question in the interpretation of analyses
based on cross sectional data, is the extent to which
estimated blood pressure differences may reflect acute
changes (over weeks) in addition to chronic effects (over
months and years). That both are likely is apparent from
the results of observational epidemiological studies® ® ¢
and of short term (less than four weeks) and longer
term trials of sodium reduction and blood pressure® *—
larger effects on blood pressure being found in the trials
of longer duration.* Ecological comparisons of average
sodium intake and average blood pressures of
populations (and the Intersalt findings on differences in
blood pressure with age) can be assumed to reflect
chronic effects, although within population studies may
reflect a mixture of acute and chronic effects.

IMPLICATIONS FOR POLICY AND PREVENTION

To what extent can these findings inform policy on the
primary prevention of high blood pressure in populations?
Three further strands of evidence are relevant. Firstly,
studies in migrant populations have shown that a rise in
blood pressure is a rapid accompaniment (within weeks)
of change from a traditional rural existence to an urban
environment—change that includes an increase in salt
intake®—and that such blood pressure changes are
sustained over the longer term.” Secondly, the Dutch trial
of low sodium feeds in newborn infants reported that sig-
nificantly lower blood pressure was attained in the low
sodium group by the completion of the trial at six
months.” Thirdly, the recently reported experimental
study of the effects of sodium loading and unloading on
the blood pressure of chimpanzees showed substantial
long term adverse effects of high salt intake; these effects
disappeared with correction of high salt intake in the
experimental group. The control group showed substan-
tial benefits on blood pressure of a lifetime diet low in
sodium.” #® Together, these studies indicate the potential,
with lower salt intake, for more favourable blood pressure
patterns in populations and for the primary prevention of
high-normal and high blood pressure.”

We also examined the associations of urinary sodium
to blood pressure at younger (20-39 years) and older
ages (40-59). As shown here and reported previously in
the Intersalt study,” the within population association
of sodium and blood pressure was larger at older ages.
This is consistent with the findings from the cross
population analyses of the 52 population samples
reported here and also with those from other
observational studies and with the results of trials of
sodium reduction and blood pressure.? * ® This inter-
action with age could be due to cumulative exposure to
salt over decades or to reduced ability of the kidney to
handle a sodium load with advancing age, or to both
these factors.” These findings underscore the need for
early primary prevention at younger ages, as well as for
appropriate dietary and lifestyle interventions at older
ages. A key aim is to stem the rise in blood pressure that
occurs from young adulthood to middle and older ages.

At ‘present, salt intake among adults in the United
Kingdom and United States averages at least 9 g/day, with
large numbers of people consuming 12 g/day or more,' !’
* and intake is high among children. Levels are 10-15
times the basal sodium requirement for growing and adult
humans of no more than 500 mg of salt per day (8-10
mmol sodium)."” About 15% of current salt intake comes
from so called discretionary addition in cooking and at
table and only 10% from the natural salt content of foods.
The rest—about 75% of all the salt eaten—comes from
salt added in processing and manufacturing of foods.'” ****
Obviously, there is great opportunity for the food industry
to contribute to health by reducing the amount of salt
added to foods in processing. The successful marketing in
the United States of many no salt added, low salt, and salt
free products®; the reduction of salt added in bread in
Belgium*; and the experience of the mineral salt trial in
the Netherlands® all show this to be feasible.

CONCLUSION

Data presented here indicate that a sodium intake
lower by 100 mmol—for example, 70 instead of 170
mmol/day—could result, in adults (average age 40) in
systolic pressure lower by 3-6 mm Hg and in slope in
systolic pressure from age 25 to age 55 less by 10 mm
Hg. Extensive data from prospective population studies
indicate that such improvements in average systolic
pressure levels could substantially reduce rates of
major cardiovascular diseases and mortality from all
causes.* ™ * ¥ This potential underscores the value of
current recommendations® * encouraging the general
population to reduce salt intake.
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Key messages

o Intersalt previously reported strong positive
associations of 24 hour urinary sodium excretion
to blood pressure of individuals, to median blood
pressure across its 52 population samples, and to
differences in blood pressure with age

e The within population findings were previously
underestimated because of incomplete correction
for the regression dilution problem

o Revised estimates of the within population asso-
ciation of sodium to blood pressure in Intersalt are
concordant with the cross population findings for
52 samples

¢ Estimates of the effect of median sodium excre-
tion higher by 100 mmol/day over a 30 year period
(age 55 minus age 25) were a greater difference of
10-11 mm Hg in systolic blood pressure and 6 mm
Hg in diastolic blood pressure

o These results lend further support to recom-
mendations for mass reduction of high salt intake
for the prevention and control of adverse blood
pressure levels and high blood pressure in popula-
tions
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Correction

Inequality in income and mortality in the United
States: analysis of mortality and potential
pathways

A production error occurred in this paper by George A Kaplan
and colleagues (20 April, pp 999-1003) in which the minus
signs were deleted from some correlation coefficients (r). Thus
in the results section of the abstract (p 999) and in the key
messages (p 1003) the coefficient should be —0.62 (not 0.62).
Similarly, in results under income distribution and mortality (p
1000) the two coefficients should be —0.62 and -0.76; in the
section under income distribution and other health outcomes
(p 1001) the coefficients should be —-0.74, —0.70, —0.67, and
—0.65; and in the section under trends in mortality and
inequality (p 1001) the coefficients should be —0.45 and —0.62
in the first sentence of the first paragraph and —0.53 in the last
sentence of the second paragraph: In the discussion the coeffi-
cients should be -0.28,-0.06,-0.62,-0.59,-0.51,-0.52 in the
second and third paragraphs (pp 1001-2) and —0.53 in the fifth
sentence under macroeconomic effects (p 1003).
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